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The stability of Co(II), Cu(II) and Zn(U) ftlloborate complexes with morpholine haa been
studied on the basis of heats of dissociation, pressure-composition isotherms, entropy functions
and free energy changes of the system. The free energy changes have been shown to give a
much reliable measure of the stability of the present system. Infrared measurements have
also been done to establish structure-stability correlation.
INprevious communications-'< attention wasdrawn to the usefulness and reliability of thefree energy changes for the solid phase studies
on the stability of comparable complexes with
ligands such as ex. and ll-picolines. The results of
similar studies on morpholine complexes of Co(II),
Cu(lI) and Zn(lI) fiuoborates, reported in this
paper, corroborate the reliability of such data.
Morpholine complexes of cobalt, copper and zinc
fluoborates have not been reported in the litera-
tUI":. Ni(lI) fluoborate complex of morpholine
could not be prepared either by direct methods
or indirectly by amine exchange.
Materials and Methods
Fluoborates of c.at; Cu(lI) and Zn(II)- Fluo-
borates of CofH), Cu(lI) and Zn(II) were prepared
by adding pure carbonates of the metals to a little
excess fluoboric acid solution. The corresponding
fluoborates crystallized out from the solution. A
Ii ttle excess of fluoboric acid was necessary to a void
the association of free F- ions. The Co(II) and
Zn(lI) fluoborates analysed for 1I(BF,\.6H20 (M =
Co, Zn) while the Cu(II) fluoborate analysed for
Cu(BF'\24H20.
Morpholvue compte» of Coil Ii, Cu(Il) and Zn(II)
fiuobor aies - To a saturated solution of the fluo-
borate in absolute ethanol was added freshly dis-
tilled morpholine in slight excess with constant
stirring, when coloured precipitates separated out.
These were collected, washed with little absolute
ethanol and then with ether. The fluoboric acid
was estimated as nitron-fluoborate". The ana-
lytical data of morpholine complexes of Co(II),
Cu(II) and Zn(II) fluoborates are recorded in Table 1.
Results
Pressure-com-position. isotherms - The composition
of these complexes which are formed by the com-
bination of two substances of widely different
volatility - the very difficultly volatile metal fluo-
borates and readily volatile morpho line - may
be determined by investigating their isothermal
decomposition from the standpoint of the laws of
heterogeneous equilibrium.
The apparatus used for the measurements of
dissociation pressure and pressure-composition iso-
thermals was of the type described by Roy and
Sinha" as improved by Bhattacharya and Sinha?
It Was set at 50°. By repeating the experiments,
on stepwise dissociation, the stablest systems were
isolated and chemically analysed to establish the
nature and composition. The pressure-composition
isotherms are shown in Fig. 1.
Dissociation pressure and heal of dissociation-
The dissociation pressures of the complexes and
of t~e two systems isolated from pressure-com-
position Isotherms were measured at different
temperatures, using the apparatus as described
above. The manometer was read with the help
of a cathetometer up to second place of decimal
and the readings were corrected to 0°.
The logarithms of pressures were plotted against
reciprocal of absolute temperature and from the
slope of the linear graphs, heat of dissociation,
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Fig. 1 - Pressure-composition isotherms of the complexes
of Zn(II), Co(lI) and Cu(lI) fluoborates with morpholine
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t::..H, of the complex was calculated according to
the integrated form of Clapeyron-Clausius equation.
The evaluated t::..H values agreed fairly well with
those calculated by the direct application of the
readings to the equation with two adjacent tem-
peratures. As a check on the accuracy and reli-
ability of the data, vapour pressure of pure dioxane
was measured at different temperatures. A close
agreement was observed between the experimental
values and the data obtained from Eq. (1)8. The
t::..H values are recorded in Table 2.
" _ .? 1813-98 ( )
loglOP(ll1m Hg)- 77_713-U+2V3'16) ... 1
Free energy and entropy changes of the complexes
_ The free energy changes were calculated from
the reduced form of the general expression of
Vant Hoff's reaction isotherm for heterogeneous
system:
1 PI-t::..F = RT n-P2
where P and Pt. are the vapour pressure of mor-
pholine !nd equilibrium pr~ssures of complex salts
at temperature T respectI~'ely. V,:pou: pressure
temperature data of morphol ine are gIVen in Table 3.
From the values of PI and P2, -t::..F for the two
systems at different temperatures were calculated
and are given in Table 4. .
The change in entropy t::..S, may be directly eva-
luated from the well-known thermodynamical
expresslOn
t::..S = _t::..I_i-=-:;,-~_
which is applicable to both hon:ogeneous and het.ero-
geneous reactions. The expenment,:lly determined
values of +t::..H and -t::..F for the different systems
at different temperatures had been considered to
calculate the -+-t::..S values which are recorded in
Table 5. .'
I .frared measuremel~ts - Isolation of different
phases of Cu(II) and Zn(II) complexes was n?t
possible because these are extremely hygroscopic.
Hence the infrared spectra of only cob'.llt com-
plexes were recorded in KBr on a Perkm-Elmer
infracord 337. It has been found that v(NH) of
the free ligand at 3250 cm-1 shifts to 111.uchlower
values in the complexes. v(BF4) ~as shifted from
769 in the free ligand to 735 cm-.1)~ the complexes
showing coordination. ~rom this It ~ppears that
both BFi and morpholrne are coordinated (rnor-
pholine is N bonded).
Discussion
Heat of dissociation, /!.H, has been extensively
used as a measure of stability and he~ce of b~_~~
strength in complex c.ompounds in s?hd ph.asc .
In previous work WIth monofunctIOnal hgands,
it has been pointed out by Bhattacharya and co-
workersv+ that the system having the lowest number
of ligand molecules' has the highest ~alue .of ~H
is not alwavs valid. The present m~estJg'.lhon
also points out the exceptions for a bifnrictional
ligand like morpholine. It would be clear from
Table 2 that the /!.H values for the complex con-
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taining the highest number of ligands are always
higher than those having the least number of ligand
molecules. This is against the expected order.
The established fact that a shift of entropy change
towards more positive values indicated the stabler
state of comparable compounds in different systems
was not corroborated by the results of the present
study (Table 5). It is clear from Table 5 that at
TABLE 1- ANALYTICALDATA OF THE MORPHOLINE
COMPLEXES
Metal Found (Calc.), 0//0
BF~ C H 1"
Co(BF.) a- 2 MORPH
42·705 23·63 4,.195 6·81
(42,707) (23'65) (4'42) (6'88)
Cu(BF.).,2 MORPH
42·41 23·30 4'55 7·33
(42'24) (23'39) (4'37) (6'81 )
Zn(BF.).,2 MORPH
42·14 23·20 4-40 6·71
(42,04) (23,24) (4,35) (6'77)
14·40
(14-49)
15·46
(15-45)
15·i9
(15'83)
TABLE 2 - HEAT OF DISSOCIATIONOF THE COMPLEXES
Temp. Pressure 1061T log,oP l\rean~H
°C (mm Hg) kcal/mole
(corr. to 0°)
SYSTEM: Co(BF')2.2/1 MORPH
'{"' 15,52 3226 1-11241~ I
40 18-86 3194 1·2756 I
45-5 27·61 3139 1-4410 ~ 12·014
50 34-98 3095 1'5438J
55 45·59 3049 1·6589
SYSTEM: Co(BF.h 1/0 MORPH
37 11·47 3226 1.05981
40 13·80 3194 1·1400 ~
45·5 18,81 3139 1,2743 11·10
50 24·28 3095 1'3851 I
55 30·68 3049 1'4869 j
SYSTEM: Cu (BF.). 2/1 MORPH
37 11·2i 3226 1'05211
40 14'25 3194 1·538 I
45·5 20·89 3139 1·3199 r 16·77
50 28-73 3095 1·4584 I
55 39-40 3049 l'5956j
SYSTEM: Cu(BF.l, 1/0 MORPH
37 6-62 3226 0'82101
40 10'22 3194
0.
9310145·5 13·84 3139 1·1410 16·03
50 20'21 3095 1·3056
55 29·65 3049 1·4721
SYSTEM:Zn(BF.), 2/1 MORPH
37 10·74 3226 1-03101
40 13-21 3194 1,1210 I
44 17'45 3154 1·2420 J 13'10'
50 25·86 3095 1-4126
55 33·96 3049 1'5310
SYSTEM: Zn(BF.), 1/0 ~!ORPH
37 7,96 3226 0'82341
40 9·14 3194 0·9610 I
47 12·36 3125 1·0922 r 9·62
50 14·36 3095 1·1574 I
55 18·24 3049 1·2611 j
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spectra (KBr) of the two phases of the cobalt
complex. Both phases 2/1 and I/O are hard powders
and are insoluble in water and alcohol and hence
they may be polymeric. Considering the octa-
hedral structures, the compound Co(BF"22M may
be represented as (I) and Co(BF,JIM as II.
Both the complexes are polymers but Co(BF.).l-
morph is more so because morpholine in this case
is also bridging due to which the stability of the
one-ligand complex is higher, which supports the
observations already made with respect to free
energy changes.
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TABLE 3 - VAPOVR PRESSURE-TEMPERATURE DATA OF
MORPHOLINE
Temp. Pressure in mm 10"/T \oglOP
°C of Hg (corr.
to 0°)
40 27·22 3194 1·4349
45·5 32·284 3139 1·5089
50 38·347 3095 1-5837
55 45·186 3048'8 1'6550
TABLE 4 - FREE ENERGY CHANGE (- tlF) OF THE Two
SYSTEMS AT DIFFERENT TEMPERATURES
System -tlF (kcal)
---------------------
40° 45-5° 50° 55°
Co(II) COMPLEX
2/1 0'228 0·099 0·059
I/O 0'422 0·342 0·293 0·200
Cu(lI) COMPLEX
2/1 0·331 0·276 0·185 0·089
I/O 0·733 0·536 0-411 0·273
Zn(II) COMPLEX
2/1 0·449 0·367 0·253
I/O 0·679 0·650 0·630
TABLE 5 - ENTROPY CHANGE FOR DIFFERENT SYSTEMS
AT DIFFERENT TEMPERATURES
System. tlS (e.u.)
40° 45'5° 50" 55°
Co(lI) COMPLEX
39'1 37'9 37'3
36·8 35·8 35·2 34·45
Cu(II) COMPLEX
54·66 53'5 52'54 51-42
53·54 51·9 50'77 49·7
Zn(II) COMPLEX
43'29 42·3 41'48
32·907 32·24 31·73
2/1
I/O
2/1
I/O
2/1
1/0
a particular temperature the compound with the
lowest number of ligand does not have the highest
value of AS.
The importance of the determination of free-
energy changes in solution has been recognized
by Bjerrum and Rossettits. In this context at-
tempts were made to assess the stability order
of the comparable systems by evaluating free-
energy changes (Table 4) in solid phase. The basis
of the observation is to mark the shift towards
the negative values. Interestingly enough, in all
the cases, it is observed that the AF values have
maximum negative values for the complex with
least number of ligands, which is according to ex-
pectation. So it may be said from precisely nume-
rical observations of the previous and present work,
that AF is the most dependable and useful thermo-
dynamical parameter for assessing the order of
stability and the behaviour of coordination com-
pounds in solid state.
The compound with the least number of ligand
molecules is tbe stablest is also supported by IR
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